Biosynthesis of nanoparticles is a valuable method and highly safe with low cost. Gold nanoparticles have an enormous medical application, in recent days. This study demonstrates an optimized biosynthesis for stable gold nanoparticles (AuNPs) using Pleurotus ostreatus extracellular filtrate. The biosynthesized gold nanoparticles characterization using UV-Vis spectrophotometer, Zeta seizer, X-ray diffraction, TEM, and FTIR. UV-Vis spectra of gold nanoparticles showed maximum absorption peak at 550 nm. From the TEM images, the size of AuNPs was found to be about 10−30 nm. The physicochemical parameters of gold nanoparticles biosynthesis were studied using Plackett-Burman design. All parameters were highly significant (p < 0.001). The rate of AuNPs biosynthesis was found to increase with increasing the salt concentration, incubation time and temperature. On the other hand, lowering both the pH and ratio increase the biosynthesis rate. Furthermore, we compared the anti-proliferation of the biosynthesized and the commercial prepared AuNPs against human liver cancer cell line (HepG2), Prostate cancer cell line (PC3) and Human colon cancer cell line (HCT-116). The biosynthesized AuNPs caused a significant decrease in cell viability of both HepG2 and HCT-116 (33.5%, 22.7%) than commercial AuNPs (29.7%, 9.8%). The synergistic effect of biosynthesized AuNPs gave highest fold increase (11) against E. coli, followed by (10) fold against Staphylococcus auras using Azithromycin and Amoxicillin as standard antibiotics respectively.
INTRODUCTION
Nanostructures possess valuable and unique chemical, optical and mechanical properties which permit using it in medical therapeutics and diagnosis. Gold nanoparticles (AuNPs) have applications in microbiology, medicine, environmental sensing and biosensors (Kitching et al., 2015) . Biosynthesis of AuNPs has more economic advantages than physicochemical methods which need complex and hi-tech instrumentation facilities, harsh chemicals also, biomedical application of Nanoparticles will be safe if these nanoparticles prepared only with biocompatible chemicals to minimize toxicity (Shedbalkar et al., 2014; Mishra et al., 2014) . Metal ions have been reduced by the use of bacterial resistance to heavy metal (Gericke and Pinches, 2006) . Recently, microorganisms especially bacteria and fungi were shown to be a good alternative to biosynthesize gold nanoparticles (Thakker et al., 2013) . However, there is a limited amount of information on the extracellular biosynthesis of gold nanoparticles. Fungi are more realistic than bacteria for production large scale of nanoparticles, including AuNPs biosynthesis due to large secretome include enzymes, active molecules and proteins which play role in capping and reducing AuNPs (Siddiqi and Husen, 2016; Mishra et al., 2014) . The growth of fungi is simple in techniques, high yield also easy to extract active components, so it preferred over other organisms in large scale production of nanoparticles (Kumari et al., 2016) .
Physical and biological conditions show significant roles during biosynthesis of nanoparticles. The cell-free extract which contains reducing and capping agent play role in the biosynthesis of nanoparticles. High concentration of proteins can increase the high formation of nanoparticles (Das et al., 2010) . AuNPs have Distinct physicochemical properties make them ideal for biomedical applications. Biofunctionalized AuNPs offer many desired Properties for using them as drug carriers as the functionalized AuNPs core is chemically inactive and nontoxic element (Mishra et al., 2014; Patil and Kim, 2016) .
Nanomaterials are expected to improve cancer diagnosis and therapy (Rosarin et al., 2013) . Recently silver and gold nanoparticles used in anticancer therapy for several types of cancer are HepG2 and cell lung cancer cell lines (A549) (Rosarin et al., 2013; Rajeshkumar, 2016) . Development effective antimicrobial reagents, free of resistance and cost-effective is an important issue nowadays, due to the prevalence and increase of microorganisms resistant to Majority of antibiotics. Investigation the synergistic effect of biosynthesized AgNPs and AuNPs combined with antibiotics against different types of bacteria and fungi is an important issue in overcome resistance of microorganisms to antibiotics (Fayaz et al., 2010; Prema et al., 2016) .
This study aimed to the biosynthesis of AuNPs and optimize the biosynthesis through some factors including pH of medium, Shaking rate, salt concentration, extracellular cell filtrate ratio and temperature of shaker incubator in Biosynthesis process (Bhushan et al., 2014) . In this paper, we use Placket-Burman design to optimize AuNPs using response surface resonance to show the effect of tetrachloro auric acid (HAuCl 4 ) conc., pH, agitation, incubation time, temperature, the ratio of Extracellular filtrate (ECF) and HAuCl 4 by volume on the quantity of biosynthesized AuNPs. An attempt has been made to obtain a high yield of gold nanoparticles which used in anti-cancer, synergetic antimicrobial activity.
MATERIAL AND METHODS

Culture condition of Pleurotus ostreatus fungus
Pleurotus ostreatus fungus was kindly provided by biotechnology center, Faculty of Pharmacy, Cairo University and maintained in slant. The fresh fungus was grown on potato dextrose agar (PDA) and incubated for 7 days at 21 o C (Figure 1 ). In 100 ml distilled water enlymyner flask contain optimized media (Mahfouz et al., 2016) contain 1 gm glucose, 0.5 gm yeast, 0.5 gm malt extract, 0.2 gm KNO 3 at pH 6 then inoculate 3 discsmycelia with diameter 5 mm of fresh fungus and incubate at 30 o C for 8 days with shaking 120 rpm. The extracellular fluid was filtrated from biomass using wattman filter paper 0.2 mm then we were measured total protein content using nanodrop (2000) then kept at 2-8c till use.
Biosynthesis and characterization of gold nanoparticles
The cell filtrate was mixed with 2.5 mM HAuCL 4 (Sigma Aldrich) in ratio 10:1 for 24 hours at 37c with agitation 120 rpm, the cell filtrate, and the HAuCL 4 solution was kept under the same conditions. Changing color from yellow to violet to pink refers to the formation of AuNPs and to confirm that we used UV-visible Spectrophotometer (T80) operated with 1 nm resolution. X-ray Diffraction study was carried out using PANalytical (Empyrean) X-ray diffraction using Cu Kα radiation (wavelength 0.154 cm -1 ) at an accelerating voltage 40 KV, current of 35 mA, scan angle 5−75° range and scan step 0.02°, AuNPssuspension centrifuged at 10000 rpm for 30 minutes and washed with deionized water twice then ground to fine powder. The dispersed AuNPs were used for FTIR measurement and carried out using Bruker (Vertex 70 FT-IR) spectrometer in the range from 4000 to 400 cm -1 . TEM images were obtained by JEOL-JEM 2100 (Japan) with an acceleration voltage of 200 KV, the analysis was prepared by coating aqueous AuNPs drops on the carbon-coated copper grid. Potential and size of AuNPs were measured using Zeta seizer Nano-ZS90 (Malvern, UK) by an applied diluted sample of AuNPs. 
Optimization of biosynthesized gold nanoparticles
Placket-Burman experimental design was applied for optimize conditions of Biosynthesis of AuNPs and to show significant factors and their optimum value (Mabrouk and Sabra, 2012; El giddawy et al., 2017) . Two level-5 factor experimental blocks were established (Table 1) , Six independent factors were included in the studied pH, salt conc., agitation, incubation time, temperature, the ratio between salt and ECF. For each variable, a high (+1) and low (−1) levels were tested and screened in 9 experimental runs (Table 2) , where a trial number 9 represented the base condition of biosynthesis before optimization. Triple experiments were done for each run with total 27 runs which were applied according to PB design matrix. The analysis was calculated using statistical software [MINITAB version (1.0.0.1)] based on fractional factorial design. The response that represents forming AuNPs measuring the intensity of absorbance at 550 nm due to the resonance of gold nanoparticles.
In vitro cell viability and anticancer activity
Cell culture
The study carried out on HepG2, HCT-116, and PC3. Cells were obtained from National Research Centre, Cairo, Egypt and suspended in RPMI 1640 basal medium With L-glutamine and sodium bicarbonate and sterile-filtered (Sigma Aldrich R2405), suitable for the cell. Culturing of cells were done 10 days, then collected at a concentration of 10 × 10 3 cells/well in fresh complete growth medium in 96-well microtiter plastic plates at 37ºC for 24 h under 5% CO 2 using CO 2 incubator (Sheldon, TC2323, Cornelius, OR, USA). Media has been aspirated then mixed with synthetic AuNPs purchased from (Sigma Aldrich) and biosynthesized AuNPs, Separately. Aspiration of medium occurred After two days of incubation, then we added 40 ul MTT salt (2.5 μg/ml) to each well and incubated for further four hours at 37ºC under 5% CO 2 . The reaction was stopped also, dissolving the formed crystals by adding 200 μL of 10% Sodium dodecyl sulphate (SDS) in deionized water to each well and incubated for ten hours at 37ºC. A positive control (100 µg/ml) who gives 100% lethality, was used as a known cytotoxic natural agent under the same conditions (El-Menshawi et al., 2010; Thabrew et al., 1997) . The absorbance was then measured using a microplate spectrophotometer (Bio-Rad Laboratories Inc., model 3350, Hercules, California, USA) at 595 nm and a reference wavelength of 620 nm. A statistical significance was tested between samples and negative.
Synergistic effect of AuNPs
The synergistic effect of biosynthesized AuNPs and commercially AuNPs (Sigma Aldrich) was carried out by disc diffusion method. To study the synergistic effect, four standard antibiotic discs as levofloxacin, Azithromycin, Ciprofloxacin and Amoxicillin were impregnated individually with 100 μl each of biosynthesized AuNPs and commercially AuNPs (Figure 2 ) then, were placed onto the Mueller Hinton Agar medium (0.2 beef extract, 1.75 g casein hydrolysate, 0.15 g starch and 1.7 g agar dissolved in 100 ml H 2 O) inoculated with individual test organisms. Standard antibiotic discs alone were used as positive controls. These plates were incubated overnight at 37 o C. After incubation, the result was recorded by measuring the inhibitory zone diameter (mm). 
RESULTS AND DISCUSSIONS
AuNPs characterization
In this study, stable AuNPs were produced in solution by the extracellular fluid of Pleurotus ostreatus fungus. Different intracellular and extracellular methods are used for the production of biological nanoparticles (Prema et al., 2016; Ingle and Rai, 2009) . Using nanodrop technique, the total protein content of ECF was 5.404 mg/ml at absorbance 280 wavelength and purity was 1.25 at 260/280 wavelength. Using this ECF, biosynthesis of AuNPs was observed by the change in color from yellow to dark violet color ( Figure 3 ) and characterized by UV-Visible spectroscopy as shown in (Figure 4 ). Peak around 550 was observed. Gold ions converted to Gold atoms in nano size with changes in color from yellow to violet or red according to reduction size (Zuber et al., 2016; Amendola et al., 2014) . This is the characteristic resonance wavelength for the synthesis of AuNPs (Mulvaney, 1996) . Prema et al. (2016) reported that the maximum absorbance of prepared AuNPs at 550 nm using Klebsiella pneumonia bacteria. The colloidal suspensions of AuNPs were collected then examined by XRD which show crystalline nature of AuNPs ( Figure 5 ). FCC structured of gold show 4 sets of the lattice (111, 200, 220, and 311) . These values also reported for gold nanostructures (Du et al., 2007; Deplanche and Macaskie, 2008) an agreement with the database (Wang et al., 1994) . The TEM micrographs visualize the size and shape of AuNPs formed (Figure 6a,b) which show that the particles are uneven in a spherical shape with a varying size of 10-30 nm. Similarly, Srinath and Ravishankar (2015) observed that smaller sized AuNPs were almost spherical in shape Zeta seizer and potentially show the good result of dispersion of particles with moderate stability −24MV (Figure 7a,b) . FT-IR show band at ~1640 may be the residue of amino acid Capping and stabilizing gold nanoparticles (Figure 8) . similarly, Bhat et al. (2013) observed Band at 1642 recognized as amide I of biosynthesized gold nanoparticles. 
Optimization of biosynthesis conditions
Different physical and biological parameters play role in the production of gold nanoparticles (Kumari et al., 2016) . When the statistically based experimental designs using PB model was applied trial no. 3 (pH 5; Temp 30; HAuCl 4 salt concentration 5 mM; agitation 200 rpm; time of incubation 48 h; ratio 5:1) gave the highest response for forming gold nanoparticles Table 2 . The all six independent variables were significant (p-value < 0.001) for AuNPs biosynthesis process as shown in (Figure 9 ). The main effects of these variables independently were shown ( Figure 10) and their values were presented in (Table  3) . HAuCL 4 salt concentration was the most effective variable followed by Time of incubation then agitation, they were with positive signs meaning that the higher the value the higher forming gold nanoparticles. Ratio, Temperature, and pH had little effect on forming gold nanoparticles and had negative signs which indicated higher efficiency at lower levels. This was recorded and observed in the three-dimensional surface plot (Figure 11a ). The maximum forming AuNPs intensity was achieved when a high value of HAuCl 4 salt concentration 10 mM at low ratio 5:1 ( Figure  11b ). The intensity of absorbance at 550 nm was the response of amount of AuNPs formation. Reduction of Au ions became higher with a high amount of salt concentration 5 mM with 48 hours incubation time at 30 o C. Shakouri et al. (2016) reported that the maximum gold nanoparticles production was at 96 h after incubation between 2.5 mM gold ions at 28 o C and Aspergillus flavus supernatant. 
Anticancer activity
In vitro cytotoxic activity HepG2, HCT-116 and PC3 cell line at biosynthesized AuNPs (25 µg/ml) concentration was evaluated and compared with Commercial purchased AuNPs (25 µg/ml). The anticancer activity of biosynthesized AuNPs against HepG2 and HCT-116 increased more than commercial AuNPs (Figure 12) . Further, the most apparent and noticeable effect following treatments of cells to biosynthesized AuNPs is the alteration in the cell shape or morphology of the cells. Concentration 25 µg/ml of biosynthesized AuNPs showed good anticancer activity against HepG2, and PC3 (33.5%, 22 .7%, and 14.6%), Sequentially. Bhat et al. (2013) showed that AuNPs exhibited positive anti-proliferative activity against different cancer cell lines at 30 µg/ml. The positive results of AuNPs are attributed to their irregular shape and its functionalization with organic moieties (Lee et al., 2015) . While comparing the effect of Au nanoparticles on cell viability, Biosynthesized AuNPs show higher proliferation inhibition than commercially AuNPs against HepG2 and HCT-116 but lower against PC3. In fact, Biosynthesized AuNPs is safer in a medical application, the most noticeable effect following treatments of cells to biosynthesized AuNPs is the changing in the morphology of the cells.
The synergetic effect of Gold nanoparticles
The result of the synergistic effect of biosynthesized AuNPs is given in Table 4 . It revealed that the distinct difference was observed between the inhibitory zones by antibiotics with and without AuNPs, similarly, Gold and silver nanoparticles showed a synergistic effect against different pathogenic bacteria (Prema et al., 2016; El Domany et al., 2017) . The enhanced zone of inhibition was observed and it was increased from 25 to 36 mm when the biosynthesized AuNPs were loaded with Azithromycin antibiotics against E. coli ( Figure  13 ). Biosynthesized AuNPs enhance the antimicrobial activity of all antibiotics greater than commercial AuNPs with range 1-2 mm in inhibition zone against all tested microorganisms (Figure 14) , so biosynthesized AuNPs are more effective a low-cost preparation and biocompatible because it capped by proteins and other functionalized particles which improve anti-cancer and synergetic antimicrobial activity. 
CONCLUSION
AuNPs were successfully biosynthesized using edible mushroom Pleurotus ostreatus extracellular filtrate as a reducing and capping agents. AuNPs have been characterized by UV-Vis spectroscopy, XRD, TEM, and FTIR. The obtained results confirmed the crystalline nature of AuNPs and morphological studies showed spherical shape of AuNPs with size ranging from 10-30 nm. Zeta potential −24.0 mV for AuNPs reveal moderate stability. Optimization of the chemical and physical parameters achieved to obtain a high yield of gold nanoparticles. Further, biosynthesized AuNPs enhanced anticancer and synergist antimicrobial activity than the commercial AuNPs.
